A ll surgical operations have the potential for contamination, and the equipment used can harbour bacteria. We collected samples from 100 elective primary hip and knee arthroplasties. These showed rates of contamination of 11.4% for the sucker tips, 14.5% for light handles, 9.4% for skin blades and 3.2% for the inside blades used during surgery; 28.7% of gloves used for preparation were also contaminated. Of the samples taken from the collection bags used during hip arthroplasty, 20% grew bacteria, which represents a significant microbial reservoir. Also, 17% of theatre gowns were contaminated at the end of the operation. Contamination was found in 10% of the needles used during closure of the fascia. Overall, 76% of the organisms grown were coagulase-negative staphylococcus. A total of 63% of operations showed contamination in the field of operation. Some changes in practice are suggested. Follow-up for a minimum of two years revealed one deep infection but the organism was not identified as a contaminant. These data provide a baseline for studying the bacteriology of the surgery of revision arthroplasty. [Br] 1999;81-B:886-9. 
The sources of infection after joint replacement are either from contamination in the operating theatre or later haematogenous spread. In the last two decades advances in theatre design and the prophylactic use of antibiotics, either systemically or incorporated in cement, have significantly reduced this contamination and thus the rates of infection. 1, 2 Since infection has such a devastating effect on the patient, further search for methods of lowering contamination is warranted.
The main sources are from the skin of the patient and airborne particles from theatre personnel. 3, 4 Previous studies have dealt with rates of contamination of single pieces of equipment in and outside clean-air systems, and the effect of antibiotics. Controversy remains about the use of separate blades for the skin incision and inside use, although this practice has been discredited. [5] [6] [7] The tips of suckers have rates of contamination of 16% to 55%, [8] [9] [10] [11] but they are still used by most surgeons. Waterproof gowns are considered to be the best barrier to the transfer of organisms between patient and surgeon. [12] [13] [14] Gloves become contaminated during preparation of the skin of the patient and 'double gloving' is advised. 15 The contamination of some equipment commonly in use during arthroplasty, including the collection bag used during hip replacement and the 'sterile' handles attached to the theatre lights, has not been explored. The bags are often used as a resting place for instruments and swabs during surgery, a habit which may facilitate transfer of bacteria into the wound. The light handles are attached to an unsterile light which, by its size, probably disturbs the laminar flow and creates eddies of air around it. The handle may also be inadvertently touched by the unclean heads of scrubbed personnel. Thus samples from these two areas were included in our study. The needle used during closure of the fascia was also investigated to calculate the rate of deep contamination of the wound.
Our aim was to assess the frequency of contamination in these areas and to identify the organisms involved in order to formulate pathways of contagion and suggest changes in conventionally accepted practice. This enabled us to establish a rate of contamination to help to interpret the bacteriological samples taken during revision operations.
Patients and Methods
Samples were taken from 100 consecutive patients undergoing primary hip and knee arthroplasty. All operations took place in a clean-air theatre with laminar flow (Ultraflow Medical Air Technology Ltd, Manchester, UK), 500 clean-zone air changes per hour and bacterial filters which were rated as 99.997% effective at 0.3 µm. The five surgeons involved used their normal technique for carrying out hip and knee replacement.
Samples, taken from sites listed in Table I , were placed in sterile containers while still in the laminar flow zone, and then carefully labelled and transferred to the microbiology laboratory. The blades and needles were placed directly on to Robertson's cooked meat medium and incubated for 24 hours. Any resulting colonies were then subcultured on to blood agar (aerobic and anaerobic) and chocolate agar (aerobic). Standard laboratory methods were used to identify organisms. The sucker tips and gloves were swabbed in the laboratory and all swabs and fluid were plated on to blood agar, cystine-lactose-electrolyte-deficient agar, neomycin blood agar (selective anaerobic medium) and selective streptococcus medium, and incubated for 48 hours. Robertson's cooked meat broth was also incubated for 24 hours and subcultured as above.
There were minor differences between the surgical techniques used for each arthroplasty. Some surgeons did not use a sucker because of the reports of a high rate of contamination. For some cases, the patient was prepared and draped on the operating table in the anaesthetic room by a scrubbed assistant. The patient was then transferred to the theatre by scrubbed staff and had further full preparation, the leg being held by the scrubbed member of staff. The aim was to reduce the potential for contamination caused by unscrubbed staff being present during the preparation of the patient. 16 Regular follow-up was established to allow diagnosis of deep prosthetic infections, and to determine the relevance of contaminating organisms detected at the primary operation.
Results
Our study generated 755 samples of which 106 (14%) yielded positive cultures. Contamination was identified from one or more sites in 63 operations; 28 showed contamination from multiple sites. Table II shows the individual rates for specific sites. The organisms isolated were skin commensals, with the exception of Pasteurella haemolyticum in one patient. The most common were coagulasenegative staphylococci which were involved in 76% of samples. Nine other organisms made up the remaining 24%. Table III lists the organisms cultured and their frequency.
Preparation of the patient in the anaesthetic room and the use of a scrubbed 'leg-holder' significantly reduced the contamination of the glove used during final preparation of the patient (chi-squared test, p < 0.05).
All patients were followed up for between two and three years. One out of the 100 patients was identified as having a deep infection of the prosthesis. There was one identified contaminant during the primary surgery. This was Staphylococcus albus from the front of the surgeon's gown. The identified infecting organism, cultured from four swabs at washout of the joint was Staphylococcus aureus. The patient was not suitable for revision surgery.
Discussion
Charnley 17 recognised the importance of contamination in joint replacement surgery and declared his original rate of infection of 7% as unacceptable. He maintained that the reason that prostheses became infected and failed in the first six months after operation was contamination in the theatre. 17 The most significant advances in the reduction of contamination were his use of an ultraclean air-flow system with a sterile hood and a body-exhaust system. [1] [2] [3] 14, 17 The infection rate is now around 1%; the ideal is zero. Protocols for asepsis in the operating suite have been established to reduce contamination further. These include keeping the number of personnel in the enclosure to a minimum and shortening of the duration of surgery. The introduction of antibiotic-loaded cement and the prophylactic use of antibiotics provide additional protection against infection. Our study has shown that bacterial contamination still occurs frequently with the potential to cause infection. It is possible to reduce this further with simple precautions. The finding of high rates of contamination in the equipment used indicates the need for a change in practice to reduce further the risk of bacterial inoculation into the wound.
A rate of contamination of 11.4% for sucker tips is less than that reported elsewhere. [8] [9] [10] [11] The evidence for contamination, on the premise that bacteria are drawn into the end of the sucker tip, has been strong enough to convince some surgeons not to use suckers and relatively small numbers were employed in our study. It may be possible to minimise this risk by changing the tip of the catheter before preparation of the femoral canal, 8, 10 turning the suction off when it is not required and by using antiseptic solutions in the storage folder. 11 In a theatre with laminar flow, the use of an instrument which sucks dirty air into a clean environment seems unreasonable, when it is possible to manage without. One in seven of the light handles was contaminated. The rates were the same for both areas of the handles examined, although in some cases only one of the samples was positive and when both showed a positive culture the contaminant was not necessarily the same. The difficulty with the use of 'sterile' light handles is that they were originally designed to remove the need for unscrubbed personnel to enter the clean-air environment to alter the position of the light. There is a risk, however, that the handles inadvertently come into contact with the unsterile heads of scrub staff and surgeons. They are also attached to an unsterile light which, by its size, probably disturbs the laminar flow and creates eddies of air. The best 'compromise' would be to manipulate the light handle with a sterile cloth which is then discarded.
There were high levels of contamination in the collection bags used in hip replacement. The semifluid contents of the bag present an ideal medium for bacterial colonisation and growth even with liberal use of hydrogen peroxide and betadine. The bag is often used as a holding area for swabs and instruments which may allow the transfer of bacteria into the wound as seen in the cases with multiple positive cultures. Any object coming into contact with the contents of the bag should be discarded.
Contamination of the skin and the inside blades was 9.4% and 3.2%, respectively. In no case did both show a positive culture and we support the practice of changing the blade after incising the skin.
The tips of the gloves used during the final preparation of the patient showed contamination in 28.7%. Preparation of the patient in the anaesthetic room significantly reduced this. A scrubbed 'leg-holder' reduces the number of colony-forming units in the operative field. 16 Despite this, there was still a contamination rate of 20%. Over-gloves should be used during the preparation and changed before application of an adhesive plastic drape. A total of 17% of the gown swabs was contaminated and in these cases almost half had contamination at other sites. In the main, waterproof gowns were worn. If ordinary fabric gowns were used, which was in the cases in which no preparation of the patient was carried out, there was a higher rate of contamination. As the gown becomes wet there is seepage of organisms from the surgeon through the gown. Waterproof gowns should therefore be worn. [12] [13] [14] Swabs from 10% of needles used for closure of the fascia were positive implying that these cases are deeply contaminated. The rates of infection for primary arthroplasty is much lower. In our series it was 1% and the infecting organism was not the same as the single identified contaminant. Prophylactic antibiotics and antibiotic loading of cement reduce the infection rate 2 and the patients' immunological system also plays a part. We have shown that most primary arthroplasties of the hip and knee are contaminated with bacteria. The organisms are skin commensals which are transferred mainly by the theatre staff to various sites in the operative field. We have suggested ways of reducing contamination in risk areas by changes in practice.
These data give a useful baseline for studying the bacteriology of revision surgery. In view of the high rate of contamination at primary surgery, it seemed likely that the bacterial samples obtained at the time of revision would reflect these contaminants. This was not the case in our patients.
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